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Under the sponsorship of AFOSR, we have investigated radio wave-
induced ionospheric plasma turbulence both experimentally and theoretical-
ly. Our HF wave injection experiments at Arecibo, Puerto Rico [Lee et al.,
1997; Lee et al., 1998(a); Lee et al., 1998(b); Lee et al., 1999; Starks and
Lee, 2000; Starks et al., 2001] and laboratory simulations on MIT campus
[Lee et al., 1997; Lee et al., 1998(c)] have advanced physics of nonlinear
electromagnetic (EM) wave interactions with magnetized plasmas. Fascina-
ting phenomena, such as the generation of Langmuir wave turbulence [Lee
etal., 1997; Lee et al., 1998(c)], plasma bubbles [Lee et al., 1998(a)], sheet-
like plasma density irregularities [Lee et al., 1998(b)], and augmentation of
naturally-occurring plasma turbulence [Lee et al., 1999], were discovered or
corroborated under the guidance of our earlier theoretical and experimental
studies [Lee and Kuo,1983; Lee and Kuo, 1985; Kuo and Lee, 1992; Lee et
al., 1992]. '

Strong EM wave-plasma interactions occur in the F-region, especially,
near the reflection height of vertically injected HF heater waves. Short-scale
plasma modes can be excited by various parametric instabilities, as observed
in our field experiments at Arecibo [e.g., Lee et al., 1997] and simulated in
our Versatile Toroidal Facility (VTF) laboratory experiments [Lee et al.,
1997; Lee et al., 1998(c)] at the Plasma Science and Fusion Center. The
Versatile Toroidal Facility (VTF) is a large plasma machine constructed by
MIT’s graduate and undergraduate students, under the joint sponsorship of
the Air Force of Scientific Research and MIT Undergraduate Research
Opportunity Program (UROP) Office.

Large-scale sheet-like plasma irregularities [Lee et al., 1998(c)] and
depleted magnetic flux tube [Lee et al., 1999] are generated by the thermal
filamentation instabilities [Lee and Kuo, 1985] and thermal-effect-induced
chemical reactions, respectively. Although irregularity sheets and depleted
flux tubes are ""locally" produced by the injected HF waves, they can extend
along the Earth’s magnetic field to a large distance, to establish artificial
ionospheric ducts for controlled radio communications purposes [Lee et al.,
1992; Starks and Lee, 2000; Starks et al., 2001]. These research results are
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